Object. This is a retrospective long-term outcome study of results after laminectomy for lumbar spinal stenosis in an elderly group of patients. The study was designed to evaluate possible demographic, comorbidity, and clinical prognosticators for pain reduction and functional improvement in this population. Because the assessment of functional outcome in the elderly is complicated by several specific factors, the use of outcome measurement parameters should be revised and refined. Moreover, despite numerous relevant studies, the results of various techniques remain equivocal, particularly among the elderly, which renders the implementation of focused studies necessary. New data could be used to refine patient selection and choice of technique to improve prognosis.
L umbar stenosis is a common degenerative disorder affecting mainly the elderly. It often requires surgical treatment, despite the ongoing dispute over the benefit it confers. 26 The most common operative technique is laminectomy. 3 Notwithstanding, alternative techniques such as laminotomy, as well as various types of fusion used as single or additive measures, have been proposed.
For the aforementioned reasons, despite the numerous studies published on these issues, further investigation is necessary. Particularly valuable would be data regarding possible parameters that could influence outcome, as establishing exact algorithms regarding the choice of surgical candidates, clarifying the prognostic factors, and defining the optimum treatment methods
have not yet been achieved concerning lumbar spine clinical research. Favorable functional outcome, as reflected by reduction of pain and improvement in motion, is the objective of lumbar spine surgery. Furthermore, when more accurate evaluation is needed, more complex scales, including various preoperative parameters of patient functionality, are used. Finally, patient satisfaction reflects an overall perception of the treatment's success and has been used as an outcome measure in several studies.
The application in elderly patients of certain rules that have been accepted within the general population is not always feasible. Because the elderly constitute an increasing portion of the population, certain studies ought to assess the relevance of these rules in this group. This is essential concerning diseases that affect mainly the elderly population, such as lumbar spinal stenosis.
Methods

Inclusion Criteria
All patients over 65 years of age who suffered from lumbar stenosis and underwent laminectomy without fusion within a 5-year period (1999) (2000) (2001) (2002) (2003) (2004) were included in our study.
Patients with a possible indication for fusion were referred to our hospital's Department of Orthopedics. Specifically, patients with predominant back pain as a preoperative symptom and/or imaging findings implying probable spinal instability or discopathy (spondylolisthesis, Modic Type 1 disc appearance on lumbar MR imaging, and dynamic instability in flexion-extension on plain radiography) were excluded from this study. In cases of unilateral sciatica, a bilateral laminectomy was performed if there were imaging findings of severe bilateral stenosis. In the few cases with both imaging and clinical findings indicating a unilateral lumbar or foraminal stenosis, a hemilaminectomy was performed and the patients were excluded from the study.
Patient Characteristics and Preoperative Evaluation
A number of parameters were recorded concerning demographics, comorbidity factors, and clinical signs and symptoms (low-back pain, radiculopathy, neurogenic claudication, and leg weakness were recorded). Charlson Comorbidity Index 5 was used to define comorbidity factors, while diabetes and depression were recorded separately. The preoperative evaluation included the assessment of the ODI, 7, 8 whereas for leg or back pain assessment a VAS (score range 1-10 [1 = no pain, 10 = unbearable pain]) was used. In patients with both leg and back pain, the VAS score of the more intense pain was used in both preoperative and follow-up assessment.
Operative Technique
All the patients underwent decompressive lumbar laminectomy. The extent of the laminectomy was decided according to each patient's imaging and clinical findings, and well-established indications of the method were followed. 3 All operations were performed by 4 experienced neurosurgeons.
Follow-Up
All the patients were contacted by independent interviewers after their operations. The mean follow-up duration was 60.8 months (range 26-88 months). Based on a structured questionnaire, a follow-up focused on the patients' functional outcome was performed. The parameters measured were function with the ODI, pain with the VAS, and patient satisfaction as a binary parameter (satisfied/dissatisfied).
Statistical Analysis
The influence of all demographic and clinical factors (including the type of lesion, comorbidity, and functional parameters) on the long-term postoperative outcome was studied. The ODI and VAS pain score were correlated with the binary parameters using the t-test, while their relation with numerical parameters was evaluated with nonparametric statistics (calculation of Spearman coefficient).
Concerning patient satisfaction, 2 main categories of parameters were examined. Various preoperative parameters and patient characteristics were examined as possible prognostic factors, and the main functional parameters on long-term follow-up (VAS pain score and ODI) were studied regarding their relation with satisfaction. The influence of these factors was assessed with the chi-square analysis regarding categorical parameters and with the t-test regarding the numerical ones.
All statistical analyses were performed using the Statistical Package for Social Sciences (v 13.0).
Results
Demographics, Comorbidities, and Operative Data
During the study period, 182 elderly patients underwent lumbar laminectomy. Characteristics at enrollment are presented in Table 1 . More than half the patients (57.7%) were female. The mean age of the patients was 71.2 years (range 65-85 years). A Charlson Comorbidity Index greater than 1 was documented in 39.6%, diabetes was present in 10.4%, antidepressant drug use was reported in 2.8%, and previous lumbar spinal surgery had been performed in 6.6%. The surgical approach included 1 laminectomy in 149 (81.8%) patients, 2 laminectomies in 31 (18.1%), and 3 laminectomies in 2 patients.
Follow-Up
The mean follow-up period was 60.8 months (range 26-88 months). Seventeen patients died of various causes, none of which was considered to be related to the spinal operation; 40 patients were lost to follow-up. Of the remaining 125 patients, 56 (44.8%) were male and 69 (55.2%) were female. The mean age of 125 patients was 71.3 years. Fourteen of them suffered from diabetes, 3 reported antidepressant drug use, 49 (39.2%) had a Charlson Comorbidity Index higher than 1, and 9 had previously undergone lumbar spinal surgery.
Preoperative Clinical Parameters
Among followed patients, the most common symptom (single or coexisting) reported preoperatively was uni-or bilateral leg pain (95 patients). Eighty patients re-ported back pain as a coexisting symptom. Typical neurogenic claudication was present in 21 patients, whereas leg weakness was documented in 5. The mean preoperative VAS score was 9.1, and the corresponding mean ODI score was 57.8.
Long-Term Outcome Measurement
The mean VAS pain and ODI scores, in relation to various factors, are presented in Table 2 . Considering the VAS (leg and/or back pain), mean follow-up pain score was 3.9. The VAS score improved by at least 1 point in 106 patients (84.8%) and by 3 points in 87 (69.6%). The mean difference between the preoperative and follow-up VAS pain score was 5.1. The mean follow-up ODI was 28.9, with a mean difference from preoperative status of 29.1. Eighty-seven patients (69.6%) presented improvement on follow-up. Finally, 102 patients (81.6%) were satisfied with the operative results, whereas 23 (18.4%) were dissatisfied (Table 3) .
Univariate Analysis
All the factors studied for potential relationships to long-term outcome are presented in Table 2 , along with the probability values and Spearman coefficient regarding various numerical parameters. As to demographics, age was not significantly related to outcome concerning both VAS and ODI scores (r = -0.169, p = 0.067, and r = 0.013, p = 0.863, respectively), whereas sex was shown to be significant, considering that postoperative ODI in women was 32.9, whereas that in men it was 23.9 (p = 0.019). This effect was not present for the VAS score (3.72 and 4.15, respectively, p = 0.405).
With regard to comorbidity factors, the subgroup of patients with Charlson Comorbidity Index greater than 1 had a mean postoperative VAS of 4.3 and an ODI of 28.9, patients with diabetes had respective 4.5 and 29.8, and the mean postoperative scores in the 3 patients with depression were, respectively, 3.0 and 16.0, with none of the aforementioned values being significantly related to the corresponding outcome scores. Among preoperative clinical parameters, the existence of back pain was related to outcome at a statistically significant rate (VAS score of 4.28, p = 0.024; ODI of 31.7, p < 0.001). None of the other symptoms (radicular pain, claudication, or leg weakness) was a prognostic factor. Preoperative VAS and ODI scores did not have any influence on their respective follow-up values, as revealed by nonparametric analysis.
Concerning patient satisfaction, all the results are presented in Table 3 . None of the possible prognostic factors regarding demographics, comorbidity and history, clinical features, operative issues, and short-term outcome proved to be statistically significant. In contrast, both the VAS pain and ODI scores were strongly correlated with patient satisfaction (that is, follow-up scores, and their differences from the corresponding preoperative scores). Specifically, among "dissatisfied" patients, the follow-up VAS score was 8.53, the mean ODI was 55.2, and their corresponding differences from the preoperative mean values were 0.47 and -3.8, respectively, compared with the "satisfied" patients who had a mean postoperative VAS score of 3.0 and a mean postoperative ODI of 23.8 (VAS score difference 6.0, ODI difference 35.4).
Discussion
Lumbar spinal disease is very common in elderly patients. The most efficient method to evaluate treatment measures, such as lumbar laminectomy in cases of spinal stenosis, is to assess functional outcome. Nevertheless, in the elderly patients this is not always easy as several factors obscure the evaluation. One of the main objectives of the present study was to elucidate the objectivity and value of certain parameters of functional outcome, hypothesizing that some of the most widely used factors may be less useful in the elderly. Notwithstanding, the main objective of this study was to explore the potency of various parameters as possible prognostic factors regarding long-term functional outcome in elderly patients after lumbar laminectomy, the clarification of which would be useful considering patient selection criteria.
The standard technique of laminectomy 3 is still commonly used, particularly in cases of elderly patients, as in these cases there is usually hesitation regarding the use of more complex fusion techniques. The age of a patient, even with the presence of the common comorbidity factors in the elderly, is not a contraindication for lumbar surgery. 13, 15, 18, 21, 23, 27 However, although the mortality rate is very low, the complications rate is higher than in younger populations. 20 In our study, no immediate postoperative death occurred, and none of the deaths recorded 5 years after the operation proved to be related to the surgery itself.
Several studies have reported on the overall longterm follow-up functional outcome associated with lumbar surgery in the elderly. Nevertheless, only a few of these were confined to decompressive laminectomy alone; 27 some studies refer to laminectomies with or without discectomy, 2, 11, 13 and others include mixed fusion and nonfusion techniques for lumbar spinal stenosis. 15, 18, 21, 23, 30 Our results, compared with the most relevant studies, 2, 11, 13, 15, 19, 21, 23, 27 are in accordance with functional outcome. In particular, the rate of pain reduction as measured by the VAS (84.8%) is comparable with the reported range of 50-92%. 2, 13, 15, 19, 21, 27 Furthermore, the same conclusions can be drawn concerning ODI as an index of overall functionality (69.6% improved in our study compared with a cited range of 56-82% 11, 23, 27 ), and patient satisfaction (81.6% in our study compared with the reported range of 73-92% 2, 19, 21, 23 ). However, this agreement can lead to the conclusion that different lumbar spine surgery techniques, including various fusion techniques, 15, 21, 23 yield similar results to a simpler method such as laminectomy when performed in elderly patients, a group in which numerous systemic factors influence both the functional outcome and patient satisfaction. 2, 19 In the group of elderly patients participating in the present study, no further influence of age on outcome and patient satisfaction was revealed. This corresponded to the findings of other studies. 23, 27, 30 We found women presented a significantly worse outcome considering overall functionality measured by the ODI, while the differences reflected in the pain score and satisfaction between the sexes did not reach statistical significance. This result has been noted in other studies performed without age limitations, 1,10 although it was not recorded in others performed in elderly populations. 23, 30 The impact of various pathological conditions on outcome after lumbar spine surgery has been the subject in several studies. 2, 6, 16, 19, 21, 30 In the case of elderly patients, some conditions may obscure the functional outcome, as they cause pain (arthritis, diabetic neuropathy, lower-limb angiopathy), can complicate mobility (cardiovascular and respiratory diseases), or affect patient satisfaction (depression). Particularly regarding diabetes, some studies have concluded that outcome is worse in diabetic patients, 2, 6 and others have found no difference. 24 A history of depression has been reported to be a poor prognosticator regarding functional outcome and patient satisfaction. 19 In our sample of elderly patients, neither diabetes nor depression was a significant prognosticator of long-term outcome. These results can be attributed to the small number of patients with depression in our study, while, with regard to diabetes, the exclusion of patients who underwent fusion could be explicatory, as fusion procedures are more subjective to pathological fractures, infections, and other diabetesrelated complications. 2 Contrary to other studies, 14, 30 in the present study a history of lumbar surgery did not affect functional outcome. This finding was mainly attributed to the small number of patients who underwent reoperation, which was due to the biased hesitation to subject an elderly patient to a procedure with doubtful results. In addition, overall health status, as represented by the Charlson Comorbidity Index, did not affect outcome. Some similar studies have found a correlation between comorbidity factors and poor outcome, using American Society of Anesthesiologists score and Cumulative Illness Rating Score. 16, 19, 21 In our opinion, these indices are not representative, as they mainly reflect perioperative risk and outcome on discharge, respectively. Hence, their prognostic value regarding long-term functional outcome should be assessed with caution.
The prognostic significance of preoperative clinical factors has been thoroughly studied concerning various techniques of lumbar spine surgery, as it is considered an important factor for patient selection. 11, 14, [16] [17] [18] Preoperatively, back pain was related to worse outcome in terms of both pain and overall functionality (ODI) measurements. Interestingly, this did not reflect on patient satisfaction. The significance of back pain has been well reported. 11, 12, [16] [17] [18] Our study confirms this finding and defines its application in an elderly population of patients who had undergone simple nonfusion procedures. Furthermore, we have found that neither the preoperative VAS nor the ODI score was significant, considering the prognosis of long-term functional outcome and satisfaction.
Although patient satisfaction in our study proved to be strongly related to both pain perception and the ODI score on long-term follow-up, none of the factors whose prognostic value were studied influenced it to a statistically significant extent. This finding underscores the necessity for accurate objective measurements of outcome, particularly in elderly patients whose notions of a favorable functional outcome after lumbar spine surgery could be radically different from those of younger patients. 22, 25, 28 Nevertheless, the measurement of satisfaction, despite its subjectivity, remains a reasonable goal for surgery, mainly in benign conditions such as spinal degenerative disorders.
Conclusions
Given the ongoing controversy concerning not only various methods of surgical treatment 4, 9, 29 but also the choice between operative and conservative treatment as well, 26 several points emerging from this study may be of use. First, the ODI was more sensitive than simple pain measurement in evaluating the prognostic value of the studied factors. Second, male elderly patients and those without preoperative back pain had a significantly better long-term outcome. Finally, patient satisfaction could not be prognosticated, although it was strongly related to functional outcome. Whether these results can be generalized to elderly patients who have undergone more or less complex procedures of the lumbar spine remains to be investigated in further studies.
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